**Core tip:** Few studies have systematically evaluated quantitative hepatitis B surface antigen, hepatitis B e antigen (HBeAg), hepatitis B core antibody, hepatitis B virus DNA and alanine aminotransferase for predicting treatment response to nucleos(t)ide analogues (NAs) in HBeAg-positive chronic hepatitis B (CHB). In this study, on-treatment HBeAg level as well as its declined value at 24-wk were identified to be the best predictors not only for 96-wk virological response (VR) but also for HBeAg seroconversion (SC). The combination of HBeAg level and its decline at 24-wk strongly predicted 96-wk VR and HBeAg SC with the AUROC of 0.923 and 0.928, respectively. Thus monitoring an early on-treatment HBeAg level and its decline may help to optimize NAs therapy for CHB patients.

INTRODUCTION
============

Hepatitis B virus (HBV) infection is a global public health problem and an estimated 240 million persons are chronically infected worldwide, among which 20%-30% will develop cirrhosis and hepatocellular carcinoma (HCC)-the major complications of chronic hepatitis B (CHB)\[[@B1]\]. Antiviral treatment has been proved to be an effective and potent way to reverse the process of liver fibrosis or cirrhosis and decrease the incidence rate of liver complications\[[@B2]\]. However, due to the persistence of HBV covalently closed circular DNA (cccDNA) in the nucleus of infected hepatocytes, HBV cannot be completely eradicated by current antiviral drugs, and a long-term treatment are necessary for most patients. It is now clear that sustained viral suppression and hepatitis B e antigen (HBeAg) seroconversion (SC) are two important markers of treatment response for CHB patients receiving antiviral therapy, which is usually associated with a good long-term outcome\[[@B3]\]. Generally, after a 1-year course of the current available nucleos(t)ide analogues (NAs) or peginterferon (Peg-IFN) therapy, 7%-76% of patients achieved undetectable serum HBV DNA and 16%-32% developed HBeAg SC for patients with HBeAg-positive CHB\[[@B3]\]. Therefore, it is crucial to identify pre-treatment and early on-treatment biomarkers that can effectively predict long-term treatment response and use these biomarkers to choose appropriate antiviral drugs and treatment regimens to optimize therapy and improve efficacy.

Serum HBV DNA is the most widely used virological marker in the management of CHB patients\[[@B2],[@B3]\]. A study from Zeuzem et al\[[@B4]\] reported that both baseline ALT ≥ 2 × upper limit of normal (ULN) (OR = 2.47, *P* = 0.0012) and non-detectable serum HBV DNA at treatment week 24 (OR = 2.61, *P* \< 0.001) were associated with HBeAg SC after 2-year telbivudine (LdT) treatment, and among patients with non-detectable serum HBV DNA at 24-wk as well as favorable pretreatment characteristics \[alanine aminotransferase (ALT) ≥ 2 × ULN and HBV DNA \< 9 lg copies/mL\], 52% obtained HBeAg SC at 2-year of therapy\[[@B4]\]. However, the detection of serum HBV DNA is costly and may not always objectively serve as a reliable indicator of sustained response to antiviral therapy\[[@B5]\]. Unlike HBV DNA, serum hepatitis B surface antigen (HBsAg), HBeAg and hepatitis B core antibody (anti-HBc) are classical serological markers for HBV infection and are used in clinical diagnosis routinely. The level of HBsAg was identified as an outcome predictor for Peg-IFN therapy among HBeAg-positive CHB patients\[[@B6]\]; however, its predictive value in NAs treatment was inconsistent based on the reported data\[[@B7],[@B8]\]. Serum HBeAg level was proposed to be a better outcome predictor for NAs treatment according to recent studies\[[@B8]-[@B12]\]. However, most of studies applied the semi-quantitative measurement of HBeAg, and some had a limited sample size or a short period of follow-up. Thus the predictive value of the quantitative HBeAg level needs to be further evaluated. In addition, benefiting from a newly developed double-sandwich anti-HBc immunoassay, anti-HBc quantification was identified as a novel biomarker for predicting treatment response\[[@B13]\]. Nevertheless, very few studies have systematically evaluated the predictive power of these biomarkers for NAs treatment response.

In the current study, HBeAg-positive CHB patients received 96-wk NAs optimized therapy \[lamivudine (LAM) and adefovir dipivoxil (ADV)\] were retrospectively investigated. Serum HBsAg, HBeAg, anti-HBc, HBV DNA and ALT were quantitatively tested, and the baseline as well as early on-treatment levels of these parameters were analyzed using logistic regression model to assess their functions in predicting 96-wk virological response (VR) and HBeAg SC.

MATERIALS AND METHODS
=====================

Patients
--------

We retrospectively analyzed a cohort of HBeAg-positive CHB patients who underwent the 96-wk LAM and ADV optimized therapy between 2011 and 2014 in China. The treatment was continued for CHB patients after week 96, and the data were not available from the patients after 96 wk. The inclusion criteria of patients enrolled for antiviral therapy were briefly summarized as follows: 18-65 years old, HBsAg positive for at least 6 mo, HBeAg positive and hepatitis B e antibody (anti-HBe) negative, 10^5^ copies/mL ≤ HBV DNA ≤ 10^9^ copies/mL, ALT ≥ 2 × ULN, and no history of antiviral therapy with NAs or interferon within previous six months. The patients were treated with LAM 100 mg/d, and ADV (10 mg/d) was added on when serum HBV DNA \> 300 copies/mL at week 24 or a virological breakthrough (\> 1 lg increase of serum HBV DNA from nadir or re-detectable after achieving an undetected level) occurred during the 96-wk treatment. Laboratory measurements were done every 12 wk before week 24, and every 24 wk from week 24 to week 96. The main endpoints were VR (defined as HBV DNA ≤ 300 copies/mL) and HBeAg SC at 96-wk. A total of 76 patients completed the 96-wk follow-up and finally included in the analyses. The study was approved by the Institutional Review Board of Peking University Health Science Center and conducted in accordance with the ethical standards of the Helsinki Declaration. The informed consents were obtained from recruited patients.

Laboratory measurements
-----------------------

HBV DNA was quantified by Roche COBAS TaqMan HBV test (Roche Diagnostics, Mannheim, Germany) with a linear range of 20-10^8^ IU/mL (1 IU/mL = 5.82 copies/mL). Serological HBV markers (HBsAg, anti-HBs, HBeAg, anti-HBe) were measured by Chemiluminescent Microparticle ImmunoAssay using ARCHITECT i2000SR analyzer (Abbott Diagnostics, North Chicago, IL, United States). HBeAg level was quantified by World Health Organization (WHO) HBeAg reference standard (Paul-Ehrlich-Institute, Germany) also using ARCHITECT i2000SR analyzer\[[@B14]\]. Anti-HBc quantification was conducted by using a newly developed double-sandwich immunoassay (Wantai, Beijing, China) validated by WHO anti-HBc standards\[[@B15]\]. Biochemical tests (ALT, AST) were detected by the department of laboratory in four hospitals.

Statistical analysis
--------------------

Categorical variables were compared using *χ*^2^ or Fisher's exact tests. Continuous variables were compared using the Student's *t* test or Mann-Whitney test. Stepwise logistic regression analysis was performed to identify independent predictors for VR and HBeAg SC. The predictive value of the independent predictor was further evaluated using areas under the receiver operating characteristic curve (AUROC). The best cut-off value was determined in the condition of the highest Youden index (the sum of sensitivity and specificity minus 1). And the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were calculated at the specified cut-off value. All analysis was done using SPSS 19.0 (SPSS, Chicago, IL, United States). A *P* value \< 0.05 was considered as statistically significant.

RESULTS
=======

Baseline characteristics
------------------------

After the 96-wk NAs treatment, 56.6% (43/76) CHB patients achieved VR and 19.7% (15/76) patients developed HBeAg SC. Only 1 patient eliminated HBsAg. The baseline parameters such as age, HBsAg, HBeAg, anti-HBc, HBV DNA and ALT were comparable between patients achieved HBeAg SC and those did not. Compared to patients without VR, those obtained VR had significantly higher baseline ALT level (247.95 ± 150.58 U/L *vs* 169.13 ± 156.56 U/L, *P* = 0.029), while HBsAg, HBeAg, anti-HBc, HBV DNA levels were not significantly different between two groups (Table [1](#T1){ref-type="table"}).

###### 

Baseline clinical characteristics of patients with chronic hepatitis B according to treatment response after 96-wk nucleos(t)ide analogues therapy

  **Parameters**          **Overall**       **VR (+)**        **VR (-)**        ***P* value**   **SC (+)**        **SC (-)**        ***P* value**
  ----------------------- ----------------- ----------------- ----------------- --------------- ----------------- ----------------- ---------------
  *n* (%)                 76                43 (56.6)         33 (43.4)         \-              15 (19.7)         61 (80.3)         \-
  Gender, female/male     20/56             15/28             5/28              0.053           5/10              15/46             0.491
  Age, yr                 32.63 ± 9.69      32.3 ± 9.83       33.06 ± 9.63      0.738           31.87 ± 11.6      32.82 ± 9.26      0.735
  HBsAg, lg IU/mL         3.95 ± 0.83       3.96 ± 0.68       3.94 ± 1.00       0.881           3.93 ± 0.60       3.96 ± 0.88       0.385
  HBeAg, lg PEIU/mL       2.24 ± 1.31       2.18 ± 1.38       2.32 ± 1.22       0.679           2.36 ± 1.41       2.21 ± 1.29       0.527
  anti-HBc, lg IU/mL      4.77 ± 0.46       4.82 ± 0.43       4.71 ± 0.50       0.311           4.85 ± 0.44       4.75 ± 0.47       0.464
  ALT, U/L                213.73 ± 157.17   247.95 ± 150.58   169.13 ± 156.56   0.029           216.49 ± 153.18   213.05 ± 159.38   0.94
  ALT strata, ≥/\< 5ULN   31/45             25/18             6/27              \< 0.001        9/6               22/39             0.091
  HBV DNA, lg copies/mL   8.16 ± 1.34       8.06 ± 1.45       8.3 ± 1.19        0.608           8.55 ± 0.91       8.07 ± 1.41       0.324
  Genotype, C/non-C       53/23             31/12             22/11             0.61            10/5              43/18             0.773

VR (+)/VR (-), with/without virological response at week 96 (virological response: HBV DNA ≤ 300 copies/mL); SC (+)/SC (-), with/without HBeAg seroconversion at week 96. HBsAg: Hepatitis B surface antigen; ALT: Alanine aminotransferase; HBV: Hepatitis B virus; VR: Virological response; SC: HBeAg seroconversion; ULN: Upper limit of normal.

Dynamic changes in serum levels of HBsAg, HBeAg, anti-HBc and HBV DNA during 96-wk treatment
--------------------------------------------------------------------------------------------

Serum HBsAg, HBeAg, anti-HBc and HBV DNA levels were all significantly decreased from baseline to week 96 of therapy (HBsAg, 3.95 ± 0.83 lg IU/mL to 3.36 ± 0.86 lg IU/mL; HBeAg, 2.24 ± 1.31 lg PEIU/mL to 0.20 ± 1.13 lg PEIU/mL; anti-HBc, 4.77 ± 0.46 lg IU/mL to 3.45 ± 0.65 lg IU/mL; HBV DNA, 8.16 ± 1.34 lg copies/mL to 2.85 ± 1.36 lg copies/mL; all *P* \< 0.001). Significant lower HBeAg and HBV DNA levels were found in patients with VR as compared with patients without VR at every follow-up time-point except baseline (*P* \< 0.05), while HBsAg and anti-HBc levels were comparable between two groups (Figure [1](#F1){ref-type="fig"}). Similarly, HBsAg and anti-HBc levels between patients with and without HBeAg SC were also comparable from baseline to week 96 (Figure [2A](#F2){ref-type="fig"} and C). However, HBeAg levels were significant lower in patients with HBeAg SC than in patients without HBeAg SC at every follow-up time-point except baseline (*P* \< 0.05) (Figure [2B](#F2){ref-type="fig"}). And a significant difference in HBV DNA levels between patients with and without HBeAg SC was only observed at week 24, 72 and 96 (*P* \< 0.05), as shown in Figure [2D](#F2){ref-type="fig"}.

![Dynamic changes of hepatitis B surface antigen (A), hepatitis B e antigen (B), hepatitis B core antibody (C) and hepatitis B virus DNA (D) levels from baseline to 96-wk in chronic hepatitis B patients received nucleos(t)ide analogues therapy stratified by virological response at 96-wk. ^a^*P* \< 0.05; VR (+): Virological response, HBV DNA ≤ 300 copies/mL; VR (-): Without virological response; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; anti-HBc: hepatitis B core antibody; HBV: Hepatitis B virus; VR: Virological response.](WJH-8-1511-g001){#F1}

![Dynamic changes of hepatitis B surface antigen (A), hepatitis B e antigen (B), hepatitis B core antibody (C) and hepatitis B virus DNA (D) levels from baseline to 96-wk in chronic hepatitis B patients received nucleos(t)ide analogues therapy stratified by hepatitis B e antigen seroconversion at 96-wk. ^a^*P* \< 0.05; SC (+): HBeAg seroconversion; SC (-): Without HBeAg seroconversion; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; anti-HBc: hepatitis B core antibody; HBV: Hepatitis B virus; SC: HBeAg seroconversion.](WJH-8-1511-g002){#F2}

Baseline and on-treatment parameters associated with 96-wk virological response
-------------------------------------------------------------------------------

At baseline, ALT and ALT ≥ 5 × ULN were associated with VR according to univariate analysis, and multivariate analysis indicated that sex (OR = 3.76, 95%CI: 1.09-13.01, *P* = 0.037) and ALT ≥ 5 × ULN (OR = 7.09, 95%CI: 2.32-21.67, *P* \< 0.001) independently predicted VR, respectively. At week 12, univariate analysis revealed that HBeAg, HBeAg decline, ALT decline, and HBV DNA were associated with VR, and multivariate analysis identified that HBeAg (OR = 0.62, 95%CI: 0.40-0.95, *P* = 0.03) and HBeAg decline (OR = 2.58, 95%CI: 1.25-5.33, *P* = 0.01) independently predicted VR, respectively. At week 24, HBeAg, HBeAg decline, ALT decline, HBV DNA and HBV DNA decline were associated with VR *via* univariate analysis, and multivariate analysis found that HBeAg (OR = 0.45, 95%CI: 0.27-0.77, *P* = 0.003) and HBeAg decline (OR = 2.03, 95%CI: 1.10-3.74, *P* = 0.024) independently predicted VR, respectively (Table [2](#T2){ref-type="table"}).

###### 

Baseline and on-treatment parameters associated with 96-wk virological response and hepatitis B e antigen seroconversion in chronic hepatitis B patients received nucleos(t)ide analogues therapy

  **Factors**                      **VR**                **SC**                                                                                     
  -------------------------------- --------------------- ---------- ------------------- ---------- ------------------ ---------- ------------------ -------
  Baseline                                                                                                                                          
  Age                              0.99 (0.95-1.04)      0.734      \-                  \-         0.99 (0.93-1.05)   0.731      \-                 \-
  Sex, female/male                 3 (0.96-9.38)         0.059      3.76 (1.09-13.01)   0.037      1.53 (0.45-5.20)   0.493      \-                 \-
  HBsAg (lg IU/mL)                 1.04 (0.60-1.81)      0.879      \-                  \-         0.96 (0.49-1.88)   0.904      \-                 \-
  HBeAg (lg PEIU/mL)               0.92 (0.65-1.31)      0.633      \-                  \-         1.1 (0.70-1.72)    0.682      \-                 \-
  Anti-HBc (lg IU/mL)              1.68 (0.62-4.59)      0.308      \-                  \-         1.6 (0.46-5.50)    0.459      \-                 \-
  HBV DNA (lg copies/mL)           0.87 (0.62-1.24)      0.451      \-                  \-         1.38 (0.82-2.31)   0.221      \-                 \-
  ALT (U/L)                        1.004 (1.000-1.007)   0.038      \-                  \-         1 (0.99-1.01)      0.939      \-                 \-
  ALT strata, ≥/\< 5ULN            6.25 (2.14-18.26)     \< 0.001   7.09 (2.32-21.67)   \< 0.001   2.66 (0.84-8.46)   0.098      \-                 \-
  Genotype, C/non-C                1.29 (0.48-3.46)      0.61       \-                  \-         0.84 (0.25-2.80)   0.773      \-                 \-
  Week 12                                                                                                                                           
  HBsAg (lg IU/mL)                 0.83 (0.45-1.53)      0.551      \-                  \-         0.95 (0.47-1.92)   0.882      \-                 \-
  HBsAg decline (lg IU/mL)         1.43 (0.72-2.84)      0.301      \-                  \-         1.04 (0.46-2.35)   0.919      \-                 \-
  HBeAg (lg PEIU/mL)               0.5 (0.33-0.76)       0.001      0.62 (0.40-0.95)    0.03       0.5 (0.30-0.85)    0.011      \-                 \-
  HBeAg decline (lg PEIU/mL)       3.04 (1.55-5.98)      0.001      2.58 (1.25-5.33)    0.01       2.47 (1.46-4.16)   \< 0.001   2.47 (1.46-4.16)   0.001
  Anti-HBc (lg IU/mL)              1.14 (0.49-2.64)      0.764      \-                  \-         2.56 (0.83-7.93)   0.102      \-                 \-
  Anti-HBc decline (lg IU/mL)      1.43 (0.45-4.59)      0.546      \-                  \-         0.3 (0.06-1.51)    0.145      \-                 \-
  ALT (U/L)                        0.99 (0.98-1.01)      0.221      \-                  \-         1 (0.98-1.02)      0.876      \-                 \-
  ALT decline (U/L)                1.004 (1.00-1.01)     0.03       \-                  \-         1 (0.99-1.01)      0.918      \-                 \-
  HBV DNA (lg copies/mL)           0.57 (0.36-0.90)      0.016      \-                  \-         0.72 (0.42-1.25)   0.249      \-                 \-
  HBV DNA decline (lg copies/mL)   1.36 (0.90-2.03)      0.141      \-                  \-         2.11 (1.16-3.84)   0.015      \-                 \-
  Week 24                                                                                                                                           
  HBsAg (lg IU/mL)                 0.61 (0.31-1.21)      0.155      \-                  \-         0.84 (0.48-1.46)   0.535      \-                 \-
  HBsAg decline (lg IU/mL)         1.79 (0.94-3.42)      0.076      \-                  \-         1.21 (0.62-2.37)   0.571      \-                 \-
  HBeAg (lg PEIU/mL)               0.39 (0.24-0.64)      \< 0.001   0.45 (0.27-0.77)    0.003      0.28 (0.14-0.58)   \< 0.001   0.37 (0.17-0.81)   0.013
  HBeAg decline (lg PEIU/mL)       2.37 (1.41-3.99)      0.001      2.03 (1.10-3.74)    0.024      2.8 (1.64-4.78)    \< 0.001   2.02 (1.17-3.49)   0.012
  Anti-HBc (lg IU/mL)              0.73 (0.33-1.63)      0.448      \-                  \-         1.29 (0.48-3.45)   0.608      \-                 \-
  Anti-HBc decline (lg IU/mL)      3.11 (0.99-3.79)      0.053      \-                  \-         1.11 (0.31-3.99)   0.874      \-                 \-
  ALT (U/L)                        0.99 (0.98-1.01)      0.477      \-                  \-         0.99 (0.96-1.02)   0.516      \-                 \-
  ALT decline (U/L)                1.004 (1.00-1.01)     0.031      \-                  \-         1 (0.99-1.01)      0.822      \-                 \-
  HBV DNA (lg copies/mL)           0.55 (0.37-0.80)      0.002      \-                  \-         0.45 (0.23-0.86)   0.016      \-                 \-
  HBV DNA decline (lg copies/mL)   1.39 (1.02-1.88)      0.035      \-                  \-         2.39 (1.39-4.11)   0.002      \-                 \-

HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; Anti-HBc: Hepatitis B core antibody; ALT: Alanine aminotransferase; HBV: Hepatitis B virus; VR: Virological response (HBV DNA ≤ 300 copies/mL); SC: HBeAg seroconversion; ULN: Upper limit of normal.

Baseline and on-treatment parameters associated with 96-wk HBeAg seroconversion
-------------------------------------------------------------------------------

At week 12, HBeAg, HBeAg decline, and HBV DNA decline were associated with HBeAg SC through univariate analysis, and HBeAg decline (OR = 2.47, 95%CI: 1.46-4.16, *P* = 0.001) independently predicted HBeAg SC *via* multivariate analysis. At week 24, univariate analysis presented that HBeAg, HBeAg decline, HBV DNA and HBV DNA decline were associated with HBeAg SC, and multivariate analysis identified that HBeAg (OR = 0.37, 95%CI: 0.17-0.81, *P* = 0.013) and HBeAg decline (OR = 2.02, 95%CI: 1.17-3.49, *P* = 0.012) independently predicted HBeAg SC, respectively (Table [2](#T2){ref-type="table"}).

Based on the results of above analysis, both of the HBeAg level and its on-treatment declined value at 12-wk (or 24-wk) as independent predictors were further evaluated using AUROC for predicting 96-wk VR and HBeAg SC.

Predictive value of HBeAg titer as well as its declined value at week 12 and 24 for 96-wk virological response
--------------------------------------------------------------------------------------------------------------

At week 12, the HBeAg titer and its declined value predicted VR with an AUROC of 0.733 (95%CI: 0.617-0.849, *P* = 0.001) and 0.709 (95%CI: 0.590-0.827, *P* = 0.002), respectively, and the best cut-off value for the HBeAg titer and its decline was 0.8 lg PEIU/mL and 0.84 lg PEIU/mL, respectively. Twenty-two patients achieved HBeAg titer \< 0.8 lg PEIU/mL as well as the declined value \> 0.84 lg PEIU/mL at 12-wk, and among them 91% (20/22) reached VR, whereas only 29% obtained VR among 28 patients without meeting the above two standards. HBeAg titer combined with on-treatment decline at 12-wk predicted VR with an AUROC of 0.812 (95%CI: 0.687-0.936, *P* \< 0.001) and the sensitivity, specificity, PPV, NPV was 71%, 91%, 91% and 71%, respectively.

At week 24, the HBeAg titer and its declined value predicted VR with an AUROC of 0.788 (95%CI: 0.683-0.892, *P* \< 0.001) and 0.736 (95%CI: 0.620-0.851, *P* \< 0.001), respectively, and the best cut-off value for the HBeAg titer and its decline was 1.3 lg PEIU/mL and 1.6 lg PEIU/mL, respectively. All the 22 patients with HBeAg titer \< 1.3 lg PEIU/mL and the declined value \> 1.6 lg PEIU/mL at 24-wk achieved VR, whereas only 17% of 23 patients without meeting the above two standards obtained VR. HBeAg titer combined with its decline at 24-wk strongly predicted VR with an AUROC of 0.923 (95%CI: 0.838-1.000, *P* \< 0.001) and the sensitivity, specificity, PPV, NPV was 85%, 100%, 100% and 83%, respectively (Table [3](#T3){ref-type="table"}).

###### 

Predictive value of hepatitis B e antigen titer as well as its declined value at week 12 and 24 for virological response after 96-wk nucleos(t)ide analogues therapy

  **Factors**                        **ROC**               **Sensitivity (95%CI)**   **Specificity (95%CI)**   **PPV (95%CI)**    **NPV (95%CI)**    
  ---------------------------------- --------------------- ------------------------- ------------------------- ------------------ ------------------ ------------------
  Week 12                                                                                                                                            
  HBeAg \< 0.8 lg PEIU/mL            0.733 (0.617-0.849)   0.001                     0.63 (0.48-0.78)          0.81 (0.67-0.96)   0.82 (0.68-0.96)   0.62 (0.47-0.77)
  HBeAg decline \> 0.84 lg PEIU/mL   0.709 (0.590-0.827)   0.002                     0.65 (0.50-0.80)          0.75 (0.59-0.91)   0.78 (0.64-0.92)   0.62 (0.46-0.78)
  Combined the above                 0.812 (0.687-0.936)   \< 0.001                  0.71 (0.54-0.89)          0.91 (0.78-1.00)   0.91 (0.78-1.00)   0.71 (0.54-0.89)
  Week 24                                                                                                                                            
  HBeAg \< 1.3 lg PEIU/mL            0.788 (0.683-0.892)   \< 0.001                  0.88 (0.78-0.98)          0.64 (0.46-0.81)   0.76 (0.63-0.88)   0.81 (0.65-0.97)
  HBeAg decline \> 1.6 lg PEIU/mL    0.736 (0.620-0.851)   \< 0.001                  0.55 (0.39-0.70)          0.94 (0.85-1.00)   0.92 (0.81-1.00)   0.62 (0.48-0.76)
  Combined the above                 0.923 (0.838-1.000)   \< 0.001                  0.85 (0.70-0.99)          1                  1                  0.83 (0.66-0.99)

HBeAg: Hepatitis B e antigen; VR: Virological response (HBV DNA ≤ 300 copies/mL); AUROC: Area under the receiver operating characteristic curve; PPV: Positive predictive value; NPV: Negative predictive value.

Predictive value of HBeAg titer as well as its declined value at week 12 and 24 for 96-wk HBeAg seroconversion
--------------------------------------------------------------------------------------------------------------

At week 12, the HBeAg declined value predicted HBeAg SC with an AUROC of 0.767 (95%CI: 0.623-0.911, *P* = 0.001), and the best cut-off value for HBeAg decline was 1.8 lg PEIU/mL. The HBeAg declined value \> 1.8 lg PEIU/mL at 12-wk predicted HBeAg SC with a sensitivity, specificity, PPV, NPV of 60%, 87%, 53% and 90%, respectively.

At week 24, the HBeAg titer and its declined value predicted HBeAg SC with an AUROC of 0.828 (95%CI: 0.712-0.944, *P* \< 0.001) and 0.814 (95%CI: 0.676-0.953, *P* \< 0.001), respectively, and the best cut-off value for the HBeAg titer and its decline was -0.5 lg PEIU/mL and 2.2 lg PEIU/mL, respectively. Eight patients achieved HBeAg titer \< -0.5 lg PEIU/mL and the declined value \> 2.2 lg PEIU/mL at 24-wk, among them 88% (7/8) achieved HBeAg SC; whereas only 2% of 51 patients who did not meet the above two standards obtained HBeAg SC. HBeAg titer combined with its declined value at 24-wk strongly predicted HBeAg SC with an AUROC of 0.928 (95%CI: 0.791-1.000, *P* \< 0.001) and the sensitivity, specificity, PPV, NPV was 88%, 98%, 88% and 98% (Table [4](#T4){ref-type="table"}).

###### 

Predictive value of hepatitis B e antigen titer as well as its declined value at week 12 and 24 for hepatitis B e antigen seroconversion after 96-wk nucleos(t)ide analogues therapy

  **Factors**                       **ROC**               **Sensitivity (95%CI)**   **Specificity (95%CI)**   **PPV (95%CI)**    **NPV (95%CI)**    
  --------------------------------- --------------------- ------------------------- ------------------------- ------------------ ------------------ ------------------
  Week 12                                                                                                                                           
  HBeAg decline \> 1.8 lg PEIU/mL   0.767 (0.623-0.911)   0.001                     0.6 (0.32-0.88)           0.87 (0.78-0.96)   0.53 (0.26-0.79)   0.9 (0.82-0.98)
  Week 24                                                                                                                                           
  HBeAg \< -0.5 lg PEIU/mL          0.828 (0.712-0.944)   \< 0.001                  0.67 (0.40-0.94)          0.92 (0.84-0.99)   0.67 (0.40-0.94)   0.92 (0.84-0.99)
  HBeAg decline \> 2.2 lg PEIU/mL   0.814 (0.676-0.953)   \< 0.001                  0.73 (0.48-0.99)          0.9 (0.82-0.98)    0.65 (0.39-0.90)   0.93 (0.86-1.00)
  Combined the above                0.928 (0.791-1.000)   \< 0.001                  0.88 (0.58-1.00)          0.98 (0.94-1.00)   0.88 (0.58-1.00)   0.98 (0.94-1.00)

HBeAg: Hepatitis B e antigen; SC: HBeAg seroconversion; AUROC: Area under the receiver operating characteristic curve; PPV: Positive predictive value; NPV: Negative predictive value.

DISCUSSION
==========

Achieving a long-term suppression of serum HBV DNA through antiviral therapy is one of important targets of treatment for CHB patients. Several studies tried to investigate the value of an early on-treatment change of HBV markers such as HBeAg in predicting VR to NAs therapy. A study presented that the HBeAg titer decreased by 1 lg PEIU/mL at 12-wk predicted VR (HBV DNA \< 20 IU/mL) after 48-wk entecavir (ETV) therapy with a sensitivity, specificity, PPV, NPV of 67.6%, 87.9%, 86.2% and 70.7%, respectively\[[@B10]\]. However, the predictive value of HBeAg titer and its declined value at 12-wk for a long-term treatment response (≥ 2 years) was not reported. In this study, we found that HBeAg titer \< 0.8 lg PEIU/mL combined with its declined value \> 0.84 lg PEIU/mL at 12-wk predicted VR after 96-wk LAM and ADV optimized therapy with a sensitivity, specificity, PPV, NPV of 71%, 91%, 91% and 71%, respectively, and accompanied with an AUROC of 0.812. In addition, although some studies indicated that the on-treatment HBeAg level or declined value at 24-wk was a predictor for NAs treatment response\[[@B9],[@B12]\], the sample size was small or HBeAg was detected using a semi-quantitative method which cannot accurately quantify HBeAg level, thus limited the validity of the prediction. For example, Zhang et al\[[@B12]\] detected serum HBeAg semi-quantitatively and found that the on-treatment declined value of HBeAg (\> 65%) at 24-wk was the best predictor for treatment response (HBeAg seroconversion and accompanied by undetectable serum HBV DNA) after 96-wk ETV therapy, and the PPV, NPV, AUROC was 83.3%, 93.6% and 0.885, respectively. However, the finding may have difficulty in applying clinical practice since the absent of accurate quantitative HBeAg levels. In our study, the HBeAg titer (OR = 0.45, *P* = 0.003) and its declined value (OR = 2.03, *P* = 0.024) at 24-wk were found to predict 96-wk VR with the AUROC of 0.788 and 0.736, respectively. Moreover, the combination of HBeAg titer \< 1.3 lg PEIU/mL and its decrease \> 1.6 lg PEIU/mL at 24-wk predicted 96-wk VR with a sensitivity, specificity, PPV, NPV of 85%, 100%, 100% and 83%, respectively, and the AUROC increased to 0.923, which had a better predictive value than the semi-quantitative method reported by Zhang et al\[[@B12]\]. With respect to the cost of semi-quantitative and quantitative tests of HBeAg, it is comparable between them. Twenty-two patients in our cohort matched the combination standard and they all achieved 96-wk VR. The results suggested that if patients reached HBeAg titer \< 1.3 lg PEIU/mL and declined \> 1.6 lg PEIU/mL at 24-wk, there will be a better viral suppression during the continued NAs therapy.

In addition to achieve long-term suppression in serum HBV DNA, HBeAg SC is another important indicator to evaluate the efficacy of antiviral therapy in HBeAg-positive CHB patients. In our study, the declined value of HBeAg at 12-wk (OR = 2.47, *P* = 0.001) independently predicted 96-wk HBeAg SC with an AUROC of 0.767, and for the predictive value of HBeAg declined value at 24-wk, an AUROC increased to 0.814. Lee et al\[[@B8]\] found that the decline of HBeAg at month 6 was a strongest predictor for HBeAg SC after 2 years of ETV treatment with an AUROC of 0.820 (*P* = 0.004), which was similar to our result (AUROC = 0.814). However, Lee's study used the declined value of HBeAg alone to predict treatment response and did not consider combining other indicators. Our data showed that both HBeAg titer as well as its declined value at 24-wk were independent predictors for 96-wk HBeAg SC, and it strongly predicted HBeAg SC with an AUROC of 0.928 if combining HBeAg titer \< -0.5 lg PEIU/mL and declined value \> 2.2 lg PEIU/mL at 24-wk. A study from Shin et al\[[@B11]\] revealed that HBeAg titer \< 0.62 lg PEIU/mL after 48 wk of ETV therapy was a strongest predictor for HBeAg SC at year 3 with an AUROC of 0.86 (*P* \< 0.001), which was inferior to the combined prediction validity of HBeAg level and declined value at 24-wk in our study (AUROC = 0.928). Our study presented that 88% (7/8) of patients with HBeAg titer \< -0.5 lg PEIU/mL and declined value \> 2.2 lg PEIU/mL at 24-wk achieved 96-wk HBeAg SC, whereas only 2% (1/51) of patients without meting above standards obtained HBeAg SC, thus got a NPV of 98%. Among the 51 patients with unfavorable 24-wk HBeAg titer, 46 patients were added on ADV at 24-wk due to serum HBV DNA \> 300 copies/mL. The results suggested that patients with HBeAg titer \> -0.5 lg PEIU/mL as well as declined value \< 2.2 lg PEIU/mL after 24 wk of LAM therapy will rarely achieve HBeAg SC during the following NAs treatment, even adding on ADV still cannot improve the efficacy. So the patients with unfavorable 24-wk HBeAg titer should be considered to switch to other drugs or use other regimens for a better treatment outcome.

Results of logistic regression analysis in the current study showed that no baseline parameters were associated with 96-wk HBeAg SC, which was consistent with Lee's report\[[@B8]\], who did not find correlations between baseline level of HBeAg (or HBsAg, HBV DNA) and HBeAg SC after 2 years of ETV therapy either. However, other studies showed that pre-treatment serum HBeAg was associated with HBeAg SC during ETV treatment\[[@B10],[@B12]\]. The inconsistent results may due to that treatment period was relatively short or HBeAg was detected semi-quantitatively in the latter's studies\[[@B10],[@B12]\]. Several recent studies revealed that B lymphocytes played a key role in the regulation of host immune responses to HBV, while anti-HBc was produced and secreted by hepatitis B core antigen-specific B lymphocytes, therefore the serum anti-HBc level may be a surrogate marker for the host immune response to HBV\[[@B16],[@B17]\]. Fan et al\[[@B13]\] demonstrated that the baseline level of anti-HBc independently predicted HBeAg SC after 2 years of LdT and ADV optimized therapy (OR = 1.99, *P* = 0.001). However, our results presented that baseline anti-HBc was not associated with HBeAg SC or VR after 96-wk LAM and ADV optimized therapy (HBeAg SC, OR = 1.60, *P* = 0.459; VR, OR = 1.68, *P* = 0.308). The discrepancy may due to the little difference of baseline anti-HBc level between patients with and without HBeAg SC (0.10 lg IU/mL) in our study, while the difference in baseline anti-HBc was 0.24 lg IU/mL in Fan's study. Besides, previous studies identified that the elevation of ALT was contributed to T lymphocyte mediated hepatolysis occurred in CHB patients, therefore baseline ALT level may reflect T lymphocyte immune response to HBV which is related to the outcome after antiviral treatment\[[@B18]\]. Zeuzem et al\[[@B4]\] reported that the pre-treatment ALT level was associated with VR and baseline ALT ≥ 2 × ULN could independently predict non-detectable serum HBV DNA after 2 years of LdT treatment (OR = 2.00, *P* = 0.0071). In agreement with these findings, we also found that baseline ALT ≥ 5 × ULN independently predicted 96-wk VR (OR = 7.09, *P* \< 0.001) with the AUROC of 0.700 (*P* = 0.003, data not shown), which suggested that patients with a higher pre-treatment ALT level maybe situated in a better immune status and will have an active virological response to NAs treatment.

All the parameters (HBsAg, HBeAg, anti-HBc and HBV DNA) presented continuous descent during the 96-wk treatment. Serum HBV DNA dropped significantly from baseline 8.16 lg copies/mL to 96-wk 2.85 lg copies/mL (*P* \< 0.001) and 56.6% (43/76) patients obtained HBV DNA ≤ 300 copies/mL in our cohort, showing a similar data to the GLOBE study\[[@B19]\], in which 55.6% HBeAg-positive patients achieved HBV DNA \< 300 copies/mL with serum HBV DNA declined by 6.1 lg copies/mL after 2-year LdT treatment. The antiviral effect of NAs agents was reducing viral replication by the inhibition of HBV DNA polymerase, but having limited impacts on the level of HBsAg\[[@B20]\]. In our study, HBsAg decreased slowly by 0.59 lg IU/mL after 96-wk therapy. Heathcote et al\[[@B21]\] also reported that the mean HBsAg level in HBeAg-positive CHB patients decreased by 0.66 lg IU/mL after 2 years of tenofovir disoproxil (TDF) treatment, which was similar to our data. In addition, anti-HBc level decreased from baseline 4.77 lg IU/mL to 96-wk 3.45 lg IU/mL in our cohort, with an average decrease of 1.32 lg IU/mL. In Fan's report\[[@B13]\], 1.26 lg IU/mL of an average decrease of anti-HBc level was observed in HBeAg-positive CHB patients after 104-wk LdT and ADV optimized therapy (baseline 4.20 lg IU/mL to 104-wk 2.94 lg IU/mL). The average declines in anti-HBc levels were comparable between the two studies, although the baseline anti-HBc level was relatively higher in our study. Concerning the dynamic change of HBeAg, Shin et al\[[@B11]\] reported that HBeAg level reduced from baseline 2.23 lg PEIU/mL to 0.96 lg PEIU/mL after 96-wk ETV therapy and 17.1% (14/82) achieved HBeAg SC. In the present study, HBeAg level decreased from baseline 2.24 lg PEIU/mL to 96-wk 0.20 lg PEIU/mL and 19.7% (15/76) obtained HBeAg SC, which presented comparable HBeAg reduction and HBeAg SC rate as compared to Shin's study.

Comparing dynamic changes in HBeAg level between patients with and those without 96-wk VR (or HBeAg SC), our results showed that baseline HBeAg levels were comparable between two groups. Further, HBeAg levels in patients obtained 96-wk VR (or HBeAg SC) were significantly lower than those without VR (or HBeAg SC) from 12-wk to the end of follow-up (*P* \< 0.05, as shown in Figures [1B](#F1){ref-type="fig"} and [2B](#F2){ref-type="fig"}). With respect to dynamic changes of HBV DNA levels, the same trend of decline was observed. The patients achieved 96-wk VR had a significant lower HBV DNA level at every follow-up time-point except baseline when compared with those without VR (*P* \< 0.05), while the significant differences in HBV DNA levels between patients with and without HBeAg SC were only observed at week 24, 72 and 96 (Figures [1D](#F1){ref-type="fig"} and [2D](#F2){ref-type="fig"}). These results indicated that HBeAg may have a better predictive value than HBV DNA for treatment response in HBeAg-positive CHB. At the same time, our finding showed that both the HBV DNA level as well as its declined value at 24-wk (or 12-wk) were significantly associated with 96-wk VR and HBeAg SC when performed univariate analysis (*P* \< 0.05). However, HBV DNA levels and its declines would not associate with 96-wk VR and HBeAg SC anymore if all parameters including HBeAg levels and its declines were enrolled in multivariate analysis. Other studies also pointed out that HBeAg levels as well as its declines may maintain a better predictive value than HBV DNA to predict NAs treatment response in HBeAg-positive CHB patients\[[@B10],[@B11]\]. HBeAg is generated by transcription and translation of HBV cccDNA, and previous studies had reported that serum HBeAg level was significantly correlated with intrahepatic HBV cccDNA (*r* = 0.507, *P* = 0.010)\[[@B22]\]. Thus, the decline in serum HBeAg level may reflect the reduction of HBV cccDNA and represented a good treatment outcome. In addition, viral persistence and the development of CHB was associated with viral manipulation and evasion of the host's immune system, while HBeAg has been reported to attenuate the host immune response to the nucleocapsid protein and down-regulate the innate and adaptive immune responses\[[@B23],[@B24]\]. Therefore, the decline in HBeAg level might weaken this effect and thus the patients may present a better immune control for HBV infection.

There were some limitations in our study. Firstly, LAM and ADV used in the cohort are no longer the first-line antiviral drugs. However, NAs drugs have a similar antiviral mechanism, and HBeAg SC rates in CHB patients are comparable between ETV (or TDF) therapy and an optimized therapy with LAM and ADV. Hence, we propose that the combination parameter of HBeAg level and its declined value at 24-wk might be used as a reference parameter to predict the efficacy of ETV or TDF treatment. Secondly, treatment endpoint evaluated in our study was on-treatment response. For virological response, off-treatment response may be more important than on-treatment response.

To our knowledge, this is the first report that identified the combination of on-treatment quantitative HBeAg level and its decline as the predictor of positive response to long term NAs therapy among HBeAg-positive CHB patients. In particular, the combination of HBeAg titer and its decline at 24-wk strongly predicted 96-wk VR and HBeAg SC with the AUROC of 0.923 and 0.928, respectively. This combination predictor was identified through a retrospective investigation based on the cohort of HBeAg-positive CHB patients received LAM and ADV optimized therapy. We will conduct a prospective study to evaluate and confirm the predictive validity of the combination parameter in the cohort of ETV or TDF therapy in the future, and anticipate that the combination of on-treatment HBeAg level and its declined value could serve as a reference parameter to guide NAs therapy.
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Background
----------

The antiviral effect of current available nucleos(t)ide analogues (NAs) or peginterferon drugs are not satisfied. To improve the efficacy, it is crucial to explore the pre-treatment and early on-treatment biomarkers to effectively predict long-term treatment response. However, very few studies have systematically evaluated the predictive power of quantitative hepatitis B surface antigen (HBsAg), hepatitis B e antigen (HBeAg), hepatitis B core antibody (anti-HBc), hepatitis B virus (HBV) DNA and alanine aminotransferase (ALT) for NAs treatment response.

Research frontiers
------------------

In the current study, serum HBsAg, HBeAg, anti-HBc, HBV DNA and ALT were quantitatively tested during the 96-wk NAs therapy, and the baseline as well as early on-treatment levels of these parameters were comprehensively analyzed to assess their functions in predicting 96-wk virological response (VR) and HBeAg seroconversion (SC).

Innovations and breakthroughs
-----------------------------

This is the first report that the combination parameter of on-treatment quantitative HBeAg level and its declined value was found to predict 96-wk treatment response to lamivudine and adefovir dipivoxil optimized therapy for HBeAg-positive chronic hepatitis B (CHB) patients. In particular, the combination of HBeAg titer and its decline at 24-wk strongly predicted 96-wk VR and HBeAg SC with the AUROC of 0.923 and 0.928, respectively.

Applications
------------

The combination variable of on-treatment HBeAg level and its declined value may serve as a reference parameter to optimize NAs therapy for HBeAg-positive CHB patients.

Peer-review
-----------

HBV is a major cause of chronic liver disease including chronic hepatitis, liver cirrhosis and hepatocellular carcinoma. Reactivation of HBV is closely related to acute exacerbation of HBV carriers which sometimes leads to liver failure. Introduction of NAs dramatically changed the landscape of HBV treatment that is useful weapon to suppress HBV replication. NAs can only suppress HBV replication but not eradicate HBV. Therefore several problems remains including setting of endpoint and adequate cessation of NAs.

Manuscript source: Invited manuscript

Specialty type: Gastroenterology and hepatology

Country of origin: China

Peer-review report classification

Grade A (Excellent): 0

Grade B (Very good): 0

Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

Institutional review board statement: The study was approved by the Institutional Review Board of Peking University Health Science Center.

Informed consent statement: All recruited patients signed written informed consents.

Conflict-of-interest statement: The authors declare that they have no competing interests.

Data sharing statement: No additional data are available.

Peer-review started: August 13, 2016

First decision: September 13, 2016

Article in press: October 24, 2016

P- Reviewer: Inoue K S- Editor: Qi Y L- Editor: A E- Editor: Li D

[^1]: Author contributions: Liu XE and Zhuang H designed the study; Gao YH and Li Y performed the experiments; Meng QH, Zhang ZQ, Zhao P, Shang QH, Yuan Q, Deng J and Li T were involved in samples collection and database establishment; Gao YH analyzed data and wrote the manuscript; Liu XE edit the manuscript for important contents; Zhuang H critically revised the manuscript; all authors have read and approved the final version of the manuscript.

    Supported by Major Science and Technology Special Project of China Twelfth Five-year Plan, Nos. 2013ZX10002004 and 2012ZX10002003.

    Correspondence to: Xue-En Liu, MD, Associate Professor, Department of Microbiology and Infectious Disease Center, School of Basic Medical Sciences, Peking University Health Science Center, 38 Xueyuan Road, Haidian District, Beijing 100191, China. <xueenliu@bjmu.edu.cn>

    Telephone: +86-10-82802413 Fax: +86-10-82802413
